Introduction {#s1}
============

Clinical usage of natural killer (NK) and natural killer-like T (NKT) cells in treatment of leukemia is considered a field of interest and under intense investigations based on the evidence that both the innate and adaptive immune systems have the ability to identify acute myeloid leukemia (AML) cells, killing leukemic cells or keeping a balance in inhibiting tumor proliferation and spread. AML can escape from NK cell immune surveillance by multiple mechanisms, which all share in an abnormal anti-leukemic immune response including abnormalities of NK cell, immunosuppressive, devious characters of leukemic cells and interactions with other immune cells for immune escape \[[@R01]\].

The development of new immunotherapeutic therapies is allowed by improved understanding of the biology of NK cells because for NK and NKT cells unlike T lymphocytes, their anti-tumor activity does not depend on recognition of tumor-specific antigens, which remain poorly defined for most of malignancies \[[@R02]\].

Many limitations are detected during use of the autologous or allogenic transfer of NK cells, including poor survival of NK cells, reduced activity by inhibitory receptors or decreased signaling via activating receptors (e.g. shedding of ligands or downregulation of activating receptors) \[[@R02]\].

Some functional studies have been interested in explaining weaken function of NK cell and impaired cytokine production in myeloid neoplasms, mainly AML, that may return to normal after complete remission but these studies did not handle the absolute/relative numbers or percentage of NK cells or their subsets and their correlation with survival. But in our case-control study, prospective data detecting the number and percentage but not the function of NK cells depend on available surface markers evaluated at the time of diagnosis in bone marrow (BM) samples from AML patients.

Patients and Methods {#s2}
====================

Patients and treatment strategy {#s2a}
-------------------------------

This study was an observational prospective study that was approved by the Institutional Review Board of the Faculty of Medicine Mansoura University. It was conducted on 50 adult patients of AML who presented to the Hematology Unit in the Oncology Center Mansoura University (OCMU) from March 2015 to April 2016. All patients met the inclusion and exclusion criteria and informed consent was provided according to the Declaration of Helsinki.

For fit patients (age \< 65 years, low performance status, no or controlled comorbidities, high and intermediate risk patients), 3 + 7 protocol was used (3 days doxorubicin by dose 30 mg/m^2^ + 7 days cytarabine by dose 200 mg divided every 12 h), but for unfit patients (elderly patients \> 65 years, high performance status, uncontrolled comorbidities), subcutaneous Ara C (cytarabine given SC by dose 20 mg/12 h for 10 days) was used. In cases of acute promyelocytic leukemia (APL), all trans-retinoic acid (ATRA) with induction chemotherapy (3 days doxorubicin by dose 30 mg/m^2^) or 7 + 3 with ATRA was used.

In consolidation regimens for patients in remission, either 2 + 5 protocol (2 days doxorubicin by dose 30 mg/m^2^ + 5 days cytarabine by dose 200 mg divided every 12 h) one cycle, then high-dose Ara C (HDA) for three cycles, or HDA (cytarabine given by dose of 2 g/m^2^/12 h for 3 days day after day) for 3 - 4 cycles, was used.

Re-induction treatment was used for patients who achieved partial hematological response (reduction of blast cells \> 50% of their number at diagnosis) after first cycle in the form of 7 + 3 and 5 + 2 protocols. Salvage protocols were used for refractory and relapsed cases: FLAG protocol (fludarabine 25 mg/m^2^ + cytarabine 2 g/m^2^ for 5 days) and HAM protocol (cytarabine 2 g/m^2^/12 h for 3 days + mitoxantrone 20 mg/m^2^ for 3 days). Patients with human leukocyte antigen (HLA)-matched sibling were referred for allogenic BM transplantation.

Diagnosis of AML and detection of NK cells {#s2b}
------------------------------------------

AML patients are diagnosed by ≥ 20% of blast count in marrow or blood samples, except for AML with t(8;21), t(15;17), inv(16) and other cytogenetics. Myeloblast, monoblasts and megakaryoblasts are included in the blast count. In AML with monocytes or myelomonocytic differentiation, monoblasts and promonocytes, but not abnormal monocytes, are included as blast cells according to World Health Organization (WHO) diagnostic criteria. This diagnosis was confirmed by using immunophenotyping through the detection of expression of cell surface and cytoplasmic markers.

Cell counting, preparation, staining and fluorescence-activated cell sorting (FACS) analysis {#s2c}
--------------------------------------------------------------------------------------------

All samples were processed within 24 h after blood withdrawal through the following steps. 1) The whole Di-K-EDTA (ethylene diamine tetra acetic acid) blood samples were counted by an automated hematology analyzer (Cell-Dyn 1800 Abbot Diagnostics, USA), and then the leukocyte count was recorded. 2) Leucocytes were prepared by incubation of whole blood with a fourfold excess of ammonium chloride (NH~4~Cl 0.86% in distilled H~2~O) in Falcon tubes at room temperature for 15 min. 3) The tubes were centrifuged at 2,000 rpm for 5 min, and then the excess of ammonium chloride was discarded leaving the pellet of cells at the bottom of the tube. 4) Three milliliter of phosphate-buffered saline (PBS) was added to the tubes, well mixed by vortex, and then the tubes were centrifuged for 5 min at 2,000 rpm. 5) Excess PBS was removed, and then the pellet of the cells was mixed with 1 mL PBS, well mixed by vortex, and then counted using an automated hematology analyzer. 6) The count was adjusted to be 1 × 10^6^ cells suspended in 1 mL PBS and well mixed by vortex. 7) Two hundred micrometers of the cells suspension were aliquoted into three tubes, and then antibodies were added to each tube. 8) Cells were incubated with 5 µL of the following antibody mixes: a) Anti-CD3 fluorescein isothiocyanate (FITC), anti-CD16/56 phycoerythrin (PE). b) Unstained tube represents the auto fluorescence of the cells to each filter. c) Anti-IgG1kappa FITC and PE (isotopic control for CD3 FITC, CD16/56 PE). 9) Cells were incubated for 20 - 30 min in the dark at 4 °C, then washed twice with PBS, suspended in 1 mL PBS and acquired immediately using an FACS Canto II flow cytometer.

For each sample at least 100,000 events were acquired on an FACS Canto II which is equipped with blue (488-nm, air-cooled, 20-mW solid state, red 633-nm, 17-mW HeNe), and violet (405-nm, 30-mW solid state) (Becton Dickinson, USA) and analyzed with the FACS DIVA software system (Becton Dickinson, USA).

Statistical analysis {#s2d}
--------------------

The statistical analysis of data was done by using excel (Office program 2010) and SPSS program (SPSS, Inc., Chicago, IL) version 20. Kolmogorov-Smirnov test was done to evaluate the normality of distribution of data. Qualitative data were detected as number and percentage. Chi-square or Fisher's exact tests were used in group's comparison. Quantitative data were detected as mean, standard deviation, median and range. Student's *t*-test and Mann-Whitney test (for non-parametric data) were used for comparison between two groups. To compare between more than two groups, analysis of variance (ANOVA) (for non-parametric data) was used. Also, Pearson correlation was used to correlate between different parameters. Kaplan-Meier test was used for survival analysis and the statistical significance of differences among curves was determined by log-rank test. P-value less than 0.05 was considered statistically significant. Receiver operating characteristic (ROC) curves were used to demonstrate the association between achieving MR4.5 and white blood cells counts at presentation. The optimal thresholds along the ROC curves were calculated using the Youden index (sensitivity + specificity - 1).

Results {#s3}
=======

In this study, the mean age of studied AML cases was 44.7 ± 15.36 years. Twenty-five patients (50%) were males and the same percent was females in the studied AML cases as shown in [Table 1](#T1){ref-type="table"}.

###### Demographic Data of Studied AML Cases in Relation to Control

  Demographic data       Cases (N = 50)
  ---------------------- ----------------
  Age                    
    Mean                 44.7
    Standard deviation   15.36
  Gender                 
    Male, n (%)          25 (50)
    Female, n (%)        25 (50)

AML: acute myeloid leukemia.

The patients were diagnosed according to the WHO classification (2016), and percentages are shown in [Table 2](#T2){ref-type="table"}.

###### Laboratory Data of the Studied AML Cases at Presentation

  Parameters                                       Number of cases (N = 50)   
  ------------------------------------------------ -------------------------- ------
  WHO classification of AML cases                                             
    AML with recurrent cytogenetics                                           
      AML with t(8;21)                             4                          8.0
      AML with inv16                               3                          6.0
      Acute promyelocytic leukemia with PML/RARA   7                          14.0
      AML with t(6;9)                              1                          2.0
      AML with bi-allelic mutation of CEPBA        1                          2.0
      AML without maturation                       7                          14.0
      AML with maturation                          12                         24.0
      Acute myelomonocytic leukemia                10                         20.0
      Acute monoblastic/monocytic leukemia         3                          6.0
      Pure erythroid leukemia                      2                          4.0
  Conventional karyotyping                                                    
    Normal                                         43                         86.0
    47,xy,+8                                       4                          8.0
    47,xy,+9                                       1                          2.0
    46,xy,-9                                       1                          2.0
    46,xy,t(6:9)                                   1                          2.0
  Cancer cytogenetics (FISH)                       34                         
    Positive                                                                  
      inv16                                        3                          6.0
      t(15;17)                                     7                          14.0
      t(8;21)                                      4                          8.0
    Negative                                       20                         40
    Not available                                  16                         32

AML: acute myeloid leukemia; FISH: fluorescent *in situ* hybridization.

In this study, the patients were classified into three risk categories according to available data. Five patients (10%) were categorized as low risk group, 31 patients (62%) were considered intermediate risk and 14 patients (28%) were classified as high risk group.

Almost AML patients included in this study received treatment according to the induction protocols, 37 (74%) patients received 7 + 3 protocol and three patients (6%) received SC Ara C as they refused ordinary regimens. From the seven patients who were diagnosed as APL, five patients (10%) received 3 days doxorubicin with ATRA and the other two patients (4%) received 7 + 3 with ATRA. The remaining three patients (6%) died before receiving induction treatment.

Regarding the assessment of response to treatment after induction, complete hematological remission was achieved in 17 patients (34%), partial response was achieved in eight patients (26%) and treatment failure occurred in 22 patients (44%) as five patients (10%) were refractory to treatment and 14 patients (28%) died in aplasia as shown in [Table 3](#T3){ref-type="table"}.

###### Response to Induction Treatment in Studies AML Patients

  Response to induction treatment   Number of patients (N = 44)   
  --------------------------------- ----------------------------- ------
  CR                                17                            34.0
  PR                                8                             26.0
  Refractory                        5                             10.0
  Died in aplasia                   14                            28.0

AML: acute myeloid leukemia; CR: complete remission; PR: partial response.

NK cells studied in AML cases ranged from 0 to 3.70 × 10^9^/µL (0-11.66%) with median 0.595 × 10^9^/µL (4.24%). Mature NK (mNK) cells were classified according to IPT into two types: NK CD56^bright^ and NK CD56^dim^, and most of cells detected in our study were NK CD56^dim^ by about 65%. As regards NKT cells, they ranged from 0 to 2.01 × 10^9^/µL (0-11.56%) in AML cases with median 0.070 × 10^9^/µL (1.375%).

NK cells showed weak positive correlation with different parameters with insignificant P values including blast cell percentage in peripheral blood (PB) and in BM. While NKT cells showed weak negative correlation with the rest of parameters with insignificant P value except for blast cells in PB in which r is 0.292 with P value of 0.040.

As regards response to induction treatment, in patients with complete hematological response, NK cells ranged from 0 to 1.90 × 10^9^/µL (0-10.47%) with median 0.435 × 10^9^/µL (4.06%), while in patients with partial response, they ranged from 0 to 1.02 × 10^9^/µL (0-11.66%) with median 0.5352 × 10^9^/µL (3.85%). While in refractory patients, they ranged from 0 to 2.56 × 10^9^/µL (0-11%) with median 0.88 × 10^9^/µL (5.50%) and they ranged from 0.08 to 3.70 × 10^9^/µL (0.56-11.30%) with median 0.77 × 10^9^/µL (4.50%) in patients who died after induction with insignificant P value of 0.720 as shown in [Table 4](#T4){ref-type="table"}. Also, median values of NKT cells in relation to induction treatment are shown in [Table 4](#T4){ref-type="table"} and comparison of P value between groups is shown in [Table 5](#T5){ref-type="table"}.

###### NK Cells and NKT Cells With Response to Induction Treatment

  Response to induction   NK cells   NKT cells             
  ----------------------- ---------- ------------- ------- ---------------
  CR                      0.4350     0.00 - 1.90   0.026   0.01 - 0.390
  PR                      0.5325     0.00 - 1.02   0.095   0.004 - 0.270
  Refractory              0.88       0.00 - 2.56   0.050   0.020 - 0.210
  Died after induction    0.77       0.08 - 3.70   0.090   0.00 - 2.01

NK: natural killer; NKT: natural killer-like T; CR: complete remission; PR: partial response.

###### Comparison of P Values Between Groups

  Response to induction groups   NK cells   NKT cells
  ------------------------------ ---------- -----------
  CR vs. PR                      0.862      0.63
  CR vs. refractory cases        0.29       0.33
  CR vs. died after induction    0.43       0.56

NK: natural killer; NKT: natural killer-like T; CR: complete remission; PR: partial response.

Based on the results shown in [Figure 1](#F1){ref-type="fig"}, NK cells ranged from 0 to 2.60 × 10^9^/µL (0-11.66%) with median 0.33 × 10^9^/µL (3.58%) in survived cases, while they ranged from 0 to 3.70 × 10^9^/µL (0-11.47%) with median 0.88 × 10^9^/µL (4.31%) in non-survived patients with significant P value of 0.035.

![Natural killer (NK) and natural killer-like T (NKT) cells with survival.](jh-09-062-g001){#F1}

NKT cells were also correlated with survival of AML patients, the median of NKT cells was 0.037 × 10^9^/µL (1.205%) in survived patients with a range from 0.004 to 0.330 × 10^9^/µL (0.06-23.25%) and the median was 0.095 × 10^9^/µL (1.825%) with a range from 0 to 2.01 × 10^9^/µL (0-9.88%) in non-survived with significant P value of 0.036 as shown in [Figure 1](#F1){ref-type="fig"}.

As regards NK cells and risk stratification, patients with low risk had NK cells in a range from 0 to 0.76 × 10^9^/µL (0-9.50%) with median 0.22 × 10^9^/µL (3.54%), patients with intermediate risk had NK cell range from 0 to 2.60 × 10^9^/µL (0-11.66%) with median 0.42 × 10^9^/µL (4.10%) and patients with high risk had range from 0.22 to 3.7 × 10^9^/µL (0.56-11.30%) with median 0.99 × 10^9^/µL (4.84%) with significant P value of 0.001 as shown in [Figure 2](#F2){ref-type="fig"} (P values comparison between groups is shown in [Table 6](#T6){ref-type="table"}).

![Natural killer (NK) and natural killer-like T (NKT) cells with risk stratification.](jh-09-062-g002){#F2}

###### Comparison of P Values According to Risk Stratification

  Risk groups                  NK cells   NKT cells
  ---------------------------- ---------- -----------
  Low vs. intermediate risk    0.29       0.39
  Low vs. high risk            0.009      0.05
  Intermediate vs. high risk   0.06       0.12

NK: natural killer; NKT: natural killer-like T.

For correlation of NKT cells with risk stratification of studied AML cases, their median in low risk patients was 0.023 × 10^9^/µL (1.115%) with a range from 0.01 to 0.088 × 10^9^/µL (0.68-7.34%), in intermediate risk patients, the median was 0.100 × 10^9^/µL (1.87%) with a range from 0 to 1.46 × 10^9^/µL (0-23.25%) and the median was 0.040 × 10^9^/µL (1.09%) in high risk patients with a range from 0.008 to 2.01 × 10^9^/µL (0.03-3.66%) with insignificant P value of 0.328 as shown in [Figure 2](#F2){ref-type="fig"} (P values comparison between groups is shown in [Table 6](#T6){ref-type="table"}).

ROC curve was done for both absolute number and percentage of NK and NKT cells to evaluate presence of significant cutoff level. It revealed no significant cutoff except for an absolute number of NKT cells of 0.028 with P value of 0.020 with sensitivity 81.5% and specificity 48% with area under the curve (AUC) of 69%. The cases were divided into two groups: group A \< 0.028 (number of cases = 17) and group B \> 0.028 (number of cases = 33).

Kaplan-Mayer survival analysis was conducted to compare OS between both groups. In group A \< 0.028, the median survival was 10 months, while in group B, the median survival was 4 months as shown in [Figure 3](#F3){ref-type="fig"}. A log-rank test was conducted and revealed that the survival distributions for both groups were statistically significant (P = 0.02).

![Survival of cases in according to cutoff level of natural killer-like T (NKT) cells.](jh-09-062-g003){#F3}

OS differed according to risk stratification in this study. In low risk patients, the median of OS was 8 months with a range from 1 to 12 months, in intermediate risk patients, the median duration was 4 months with a range from 0 to 8.18 months, while in high risk patients, the median duration of OS was 1 month with a range from 0 to 1.76 months. Estimated OS was 80%, 50% and 35% at 6 months interval in low, intermediate and high risk patients, respectively, while estimated OS was 80%, 50% and 10% at 12 months interval in low, intermediate and high risk patients, respectively with significant P value of 0.036 as shown in [Figure 4](#F4){ref-type="fig"}.

![Correlation between risk stratification and duration of survival.](jh-09-062-g004){#F4}

At the end of follow-up period (12 months), the median OS of studied AML cases was 5 months with a range from 0.234 to 9.766 months. OS estimated 45% at 6 months interval and 30% at 12 months interval as shown in [Figure 5](#F5){ref-type="fig"}.

![Overall survival of studied acute myeloid leukemia cases.](jh-09-062-g005){#F5}

As regards event-free survival (EFS), it was 77% at 6 and 12 months with median 10.14 months and a range from 8.5 to 11.7 months in studied AML cases. Relapse-free survival (RFS) was also 77% at 6 and 12 months interval with median 10.12 months and a range from 7.02 to 9.22 months.

Discussion {#s4}
==========

Normally, NK cells present in PB in 3-20% of circulating lymphocytes in males and 1-28% in females with different variation according to many factors such as hormones, ethnic and environmental factors \[[@R03]\]. NKT cells form normally 5-15% of peripheral T lymphocytes \[[@R04]\]. In our study, we found the range of NK cells in females 2-11% and in males 1-14%, and range of NKT cells in 1.5-9.5% from total lymphocytes in PB in both genders.

Some studies were interested in correlation of NK cells to age and gender. Regarding age, no significant differences were found \[[@R05], [@R06]\]. While as regards gender, some studies suggested that no significant gender-related difference was found in contrast to other studies which found significant fluctuation of NK cells in females in certain situations as menstruation \[[@R07], [@R08]\]. As regards NKT cells, studies suggested reduction in their number and function with aging \[[@R9]\]. In our study, there is no significant correlation to age for both NK and NKT cells.

In this study, the median age of AML group was 44.7 ± 15.36 years, from the fact that AML affects mostly old age patients and aging may affect NK and NKT cells at many levels as in frequency and capability of NK cells to respond and produce cytokines after stimulation, a reduction in intracellular signaling of NK and NKT cells and its cytotoxicity reduction and this is accompanied with an increased risk of infections and death rate \[[@R10], [@R11]\].

mNK group differs in the expression of their surface receptor, functional capability and proliferation. There are mainly two functionally mNK subtypes present in humans' PB (NK CD56^dim^) and other NK cell subtypes are present in the thymus, liver and uterus (NK CD 56^bright^) \[[@R12]\].

In this study, most of the detected NK cells were NK CD56^dim^. According to Spits et al \[[@R12]\], CD56^dim^ NK cells (negative for CD34 and CD117, dimming for CD94 and bright CD16) dominate in PB producing lower levels of monokine-stimulated cytokine, but those cells are more powerful in production of target cell-induced cytokine and cytotoxicity that gives us a clue that increasing this type of cells will be associated with better prognosis in AML cases. But in our study, the higher percentage correlates with poor prognosis. In our opinion, this can be explained that autologous NK cells have been shown to be functionally weak against many neoplastic clones that arise in both solid tumors and other neoplasms including AML, maybe due to inhibition by the physiologic identification of "self" major histocompatibility complex (MHC) molecules on the malignant cells by the NK cell identification \[[@R13]\].

Results in this study revealed significant decreases in number and percentage of mNK cells and NKT cells in patients with AML. As regards NKT cells, we found that their number decreased significantly in studied AML cases, which agreed with Aggarwal et al \[[@R13]\], who studied the percentage of NKT cells in AML and myelodysplastic syndrome (MDS) cases, and reported that the percentage of NKT cells was lower in AML cases than in controls. Our results also agreed with Boeck et al \[[@R14]\], which studied NK and NKT in different types of leukemia including AML, acute lymphoid leukemia (ALL) and chronic lymphocytic leukemia (CLL) and reported that their frequencies decreased in patients in comparison to healthy controls.

Zimmer et al \[[@R15]\] studied both the number and function of NK cells only not NKT cells in 30 non-promyelocytic patients aged 60 - 80 years who achieved first complete remission after chemotherapy and samples of PB were examined before consolidation and every week after treatment for 8 weeks in comparison to 15 controls, NK cell numbers in the patients were decreased before treatment in comparison with the control group and it was suggested that the expression of activating receptors of NK cells much differed in patients in comparison with the control group. So, the study concluded that the expected basis of the modification pattern may depend on an interaction between the direct and indirect effects of treatment, enhancement of immune system, differentiation of NK cells and its interaction with AML blasts which agreed with our results in this study.

Vidriales et al \[[@R16]\] found that NK cells were significantly increased at the diagnosis of AML cases and their level in PB correlated with those of BM and this result was opposite to our results and to the results of the above mentioned studies. Also, Vidriales et al (1993) evaluated NK cells in patients who achieved complete remission and concluded that the NK cells reduced to be within the normal range but we did not assess NK after chemotherapy.

In this study, we correlated NK with laboratory data of AML patients at diagnosis including blast cell count in PB and BM and concluded that increasing blasts in PB and BM was associated with higher NK cells which agreed with results reported by Vidriales et al \[[@R16]\]. In contrast to Boeck et al \[[@R14]\] who reported high blasts count in studied patients including AML, ALL patients directly correlated with lower numbers of NK.

As regards NKT with lab data, our results showed that lower NKT cells were associated with higher blasts in PB and this was agreed with Boeck et al \[[@R14]\], who reported that high blasts count in studied patients including AML, ALL patients directly correlated with lower numbers of NKT.

We correlated in this study the number and percentage of NK cells with risk stratification of the studied patients and reported that there is significant variation of NK cells number in different risk groups, as high risk AML group shows higher NK cells percentage than low and intermediate risk groups. On the other hand, there was no significant correlation between number and percentage of NKT cells with risk stratification of the studied cases.

These findings are agreed with Levy et al \[[@R17]\] and Aggarwal et al \[[@R13]\], who studied the proportionality of NK and NKT cells in AML and MDS patients in a case-control study, and reported that the mNK cells (CD56^dim^/CD16^bright^) are lower than controls and relatively increased in high risk AML patients, while it did not significantly vary between MDS BM samples in comparison to the controls or patients with AML.

This study focused on assessing number and percentage of autologous NK cells in AML patients and we concluded that higher numbers of NK and NKT cells were associated with lower survival of those patients. On the other hand, some studies focused on assessing number and percentage of NK cells during their adoptive transfer for leukemia treatment in contrast to manipulated donor lymphocyte infusion (DLI). Suck et al \[[@R01]\] studied the role of NK cells in allogeneic hematopoietic stem cell transplantation (allo-HSCT) in haplo-identical transplants, which included excessive T-cell depletion of three-locus mismatched hematopoietic stem cell grafts, thus making effective transplantation upon the MHC barrier. Very large doses of T-cell-depleted grafts together with no given drugs for prophylaxis against graft-versus-host disease (GVHD), NK cells recovered rapidly and had a critical role in immune recovery and had a strong anti-leukemic activity.

NK cell number is significantly correlated with survival and prognosis of studied AML cases as we concluded that a lower percentage of NK (CD65^dim^) cells at time of diagnosis came with better survival and this goes with Aggarwal et al \[[@R13]\]. It was also reported that a lower NK (CD65^dim^) cells proportion came with better survival in AML but did not correlate with survival in MDS cases. While Alcasid et al's \[[@R02]\] study was opposed to our results as it studied 130 AML patients and reported that NK cells (specifically CD56^+^/CD16^+^ NK cells at a cutoff of ≥ 5%) were found to be an independent indicator of improved overall and disease-free survival.

Boeck et al \[[@R14]\] also did not agree with our results and reported that increased frequency of NK and cells correlated with better prognosis and OS of studied cases of different types of leukemia including AML, ALL and CLL.

This study also reported that there is significant correlation between reduction of number and percentage of NKT cells with prognosis and survival of studied AML cases, as cases were divided according to cutoff level of 0.028/µL into group A \< 0.028/µL with better survival. This is not agreed with Chuc et al \[[@R08]\], who studied invariant NKT cells in 28 *de novo* AML cases in comparison with healthy donors and patients with megaloblastic anemia and reported that reduced number of NKT cells came with lower OS with cutoff of 0.2/µL and concluded that invariant NKT \< 0.2/µL was defined as an independent variable for poor prognosis of newly diagnosed AML cases.

In conclusion, NK and NKT cells affect prognosis and survival of AML either by their percentage and proportion or by their functions. Therefore, we recommend correlating both number and function of NK and NKT cells in future studies to help provide a wide field of interest for possibility of demonstrating novel therapies using NK cells for curing AML.
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